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57 ABSTRACT

Animage sensor unit includes: a plurality of sensor substrates
that are connected in a main-scan direction and that are pro-
vided with sensor chips in the main-scan direction, the sensor
chips converting light from an original to electric signals; and
a plurality of rod-lens arrays that are connected in the main-
scan direction and that are provided with a plurality of rod
lenses in the main-scan direction, the rod lenses focusing the
light from the original on the sensor chips, wherein connec-
tion positions between the plurality of sensor substrates are
arranged at positions not overlapping with connection posi-
tions between the plurality of rod-lens arrays. A decrease in
reading accuracy of an image can be reduced even if short
constituent members are connected in the main-scan direc-
tion to form an elongated image sensor unit.

23 Claims, 12 Drawing Sheets
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FIG.8A
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FIG.9A

FIG.9B
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IMAGE SENSOR UNIT, IMAGE READING
APPARATUS, AND IMAGE FORMING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2012-
277270, filed on Dec. 19, 2012, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image sensor unit, an
image reading apparatus, and an image forming apparatus.
Particularly, the present invention relates to an image sensor
unit, an image reading apparatus, and an image forming appa-
ratus used to read a large original (large-sized original) and
the like.

2. Description of the Related Art

Readable lengths (hereinafter, “read lengths™) of originals
are generally about A4, B4, and A3 sizes in an image sensor
unit used in an image reading apparatus or an image forming
apparatus. In recent years, an elongated image sensor unit that
can read large originals in A2, A1, and A0 sizes exceeding the
read length of A3 size is used in an image reading apparatus,
such as an electronic white board.

In the elongated image sensor unit, a plurality of short
sensor substrates can be connected in a main-scan direction,
or a plurality of short rod-lens arrays can be connected in the
main-scan direction to reduce cost. Patent Document 1 dis-
closes an image sensor including a plurality of short rod-lens
arrays that are continuously arranged throughout a predeter-
mined read length.

Patent Document 1: Japanese Laid-open Patent Publication

No. 2005-217630

In the image sensor unit used in an electronic white board
and the like, an image to be read includes large characters, and
reading accuracy is not a problem. However, in an image
sensor unit or the like used to read a large map and the like,
fine reading accuracy is demanded as in reading of an original
in general size.

When a plurality of short sensor substrates and a plurality
of'short rod-lens arrays are connected to the image sensor unit
that requires fine reading accuracy, the sensor substrates to be
connected and the rod-lens arrays to be connected need to be
accurately connected. On the other hand, even if the sensor
substrates to be connected and the rod-lens arrays to be con-
nected are connected within an acceptable connection error,
there is a problem that the reading accuracy is reduced in
some cases if connection positions between the sensor sub-
strates and connection positions between the rod-lens arrays
are closely arranged.

SUMMARY OF THE INVENTION

The present invention has been made in view of the fore-
going problems, and an object of the present invention is to
reduce a decrease in reading accuracy of an image even if a
plurality of imaging element arrays are connected and a plu-
rality of sensor substrates are connected to form an image
sensor unit.

The present invention provides an image sensor unit
including: a plurality of sensor substrates that are connected
in a main-scan direction and that are provided with sensor
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chips in the main-scan direction, the sensor chips converting
light from an object to be read to electric signals; and a
plurality of imaging element arrays that are connected in the
main-scan direction and that focus the light from the object to
be read on the sensor chips, wherein connection positions
between the plurality of sensor substrates are arranged at
positions not overlapping with connection positions between
the plurality of imaging element arrays in the main-scan
direction.

The present invention provides an image reading apparatus
including: an image sensor unit; and an image reading portion
that reads light from an object to be read while relatively
moving the image sensor unit and the object to be read, the
image sensor unit including: a plurality of sensor substrates
that are connected in a main-scan direction and that are pro-
vided with a plurality of sensor chips in the main-scan direc-
tion, the sensor chips converting the light from the object to be
read to electric signals; and a plurality of imaging element
arrays that are connected in the main-scan direction and that
are provided with a plurality of imaging elements in the
main-scan direction, the imaging elements focusing the light
from the object to be read on the sensor chips, wherein con-
nection positions between the plurality of sensor substrates
are arranged at positions not overlapping with connection
positions between the plurality of imaging element arrays in
the main-scan direction.

The present invention provides an image forming appara-
tus including: an image sensor unit; an image reading portion
that reads light from an object to be read while relatively
moving the image sensor unit and the object to be read; and an
image forming portion that forms an image in a recording
medium, the image sensor unit including: a plurality of sensor
substrates that are connected in a main-scan direction and that
are provided with a plurality of sensor chips in the main-scan
direction, the sensor chips converting the light from the object
to be read to electric signals; and a plurality of imaging
element arrays that are connected in the main-scan direction
and that are provided with a plurality of imaging elements in
the main-scan direction, the imaging elements focusing the
light from the object to be read on the sensor chips, wherein
connection positions between the plurality of sensor sub-
strates are arranged at positions not overlapping with connec-
tion positions between the plurality of imaging element
arrays in the main-scan direction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing connection positions
between rod-lens arrays 45a to 45¢ and connection positions
between sensor substrates 50a to 50c;

FIG. 2 is a perspective view showing an appearance of an
MFP 10;

FIG. 3 is a schematic diagram showing a structure of an
image forming portion 21;

FIG. 4 is a sectional view of an image sensor unit 40 cut in
a sub-scan direction;

FIG. 5 is a perspective view of constituent members of the
image sensor unit 40;

FIG. 6 is a partially enlarged perspective view of the con-
stituent members of the image sensor unit 40;

FIG. 7 is an enlarged view of a connection position Pbl
between a rod-lens array 454 and a rod-lens array 455,

FIG. 8A is a perspective view showing a light source por-
tion 62 of a second embodiment;

FIG. 8B is a perspective view showing a modified example
of the light source portion 62 of the second embodiment;



US 9,247,095 B2

3

FIG. 9A is a perspective view showing a light source por-
tion 72 of a third embodiment;

FIG. 9B is a perspective view showing a modified example
of the light source portion 72 of the third embodiment;

FIG. 10 is a schematic view showing an internal structure
of an image sensor unit 100 of a comparative example;

FIG. 11A is a view showing an example of an arrangement
relationship between rod-lens arrays 104a and 1045 and sen-
sor chips 107a and 1075 of the image sensor unit 100 of the
comparative example;

FIG. 11B is a view showing an example of the arrangement
relationship between the rod-lens array 104a and 1045 and
the sensor chips 107a and 1075 of the image sensor unit 100
of the comparative example;

FIG. 11C is a view showing an example of the arrangement
relationship between the rod-lens arrays 104a and 1045 and
the sensor chips 107a and 1075 of the image sensor unit 100
of the comparative example; and

FIG.11Dis a view showing an example of the arrangement
relationship between the rod-lens arrays 104a and 1045 and
the sensor chips 107a and 1075 of the image sensor unit 100
of the comparative example.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described in detail with reference to the drawings.

In the present embodiments, an image sensor unit
described later as well as an image reading apparatus and an
image forming apparatus to which the image sensor unit is
applied will be described. In the image reading apparatus and
the image forming apparatus, the image sensor unit emits
light to an original D as an object to be read, and the image
sensor unit converts light from the original D to an electric
signal to read an image.

A multi-function printer (MFP) as an image reading appa-
ratus or an image forming apparatus will be described with
reference to FIG. 2. FIG. 2 is a perspective view showing an
appearance of an MFP 10 that can handle a large original. As
shown in FIG. 2, the MFP 10 includes: an image reading
portion 11 as image reading means for reading reflected light
from the original D; and an image forming portion 21 as
image forming means for forming (printing) an image of the
original D on a roll sheet R (recording paper) as a recording
medium.

The image reading portion 11 has a function of a so-called
image scanner and is configured, for example, as follows. The
image reading portion 11 includes a housing 12, a paper
feeding opening 13, an original discharge opening 14, an
original recovery unit 15, a sheet recovery unit 16, an image
sensor unit 40, and original conveyor rollers 80.

The image sensor unit 40 is, for example, a contact image
sensor (CIS) unit. The image sensor unit 40 is fixed inside of
the housing 12.

In the image reading portion 11, the original D inserted
from the paper feeding opening 13 to the housing 12 is placed
between the original conveyor rollers 80 rotated and driven by
a driving mechanism and conveyed relative to the image
sensor unit 40 at a predetermined conveyance speed. The
image sensor unit 40 optically reads the conveyed original D,
and a sensor chip 51 described later converts the original D to
an electric signal to perform a reading operation of an image.
The original D subjected to image reading is conveyed by the
original conveyor rollers 80 and discharged from the original
discharge opening 14. The original recovery unit 15 arranged
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on a back surface of the housing 12 recovers the original D
discharged from the original discharge opening 14.

FIG. 3 is a schematic diagram showing a structure of the
image forming portion 21.

The image forming portion 21 with a function of a so-
called printer is housed in the housing 12 and is configured,
for example, as follows. The image forming portion 21
includes the roll sheet R, sheet conveyor rollers 22, and a
printer head 24. The printer head 24 includes, for example,
ink tanks 25 (25¢, 25m, 25y, and 25k) with cyan C, magenta
M, yellow Y, and black K inks and discharge heads 26 (26¢,
26m, 26y, and 26k) arranged on the ink tanks 25, respectively.
The image forming portion 21 also includes a printer head
slide shaft 27, a printer head drive motor 28, and a belt 29
attached to the printer head 24. As shown in FIG. 2, the image
forming portion 21 further includes a sheet discharge opening
30 from which a printed sheet S is discharged.

In the image forming portion 21, the sheet S as one end of
the continuous roll sheet R is placed between the sheet con-
veyor rollers 22 rotated and driven by the driving mechanism
and is conveyed to a printing position. The printer head drive
motor 28 mechanically moves the belt 29, and the printer head
24 moves in a printing direction (main-scan direction) along
the printer head slide shaft 27 to print the image on the sheet
S based on the electric signal. The operation is repeated until
the printing is finished, and the printed sheet S is cut in the
main-scan direction. The cut sheet S is discharged from the
sheet discharge opening 30 by the sheet conveyor rollers 22.
The sheet recovery unit 16 arranged below the housing 12
recovers the sheet S discharged from the sheet discharge
opening 30.

Although an inkjet-type image forming apparatus has been
described as the image forming portion 21, the type can be
any type, such as an electrophotographic type, a thermal
transfer type, and a dot impact type.

A configuration of the image sensor unit 40 of the present
invention will be described with reference to the drawings.

First Embodiment

FIG. 4 is a sectional view of the image sensor unit 40 cut in
a sub-scan direction. FIG. 5 is a perspective view of constitu-
ent members of the image sensor unit 40. FIG. 6 is an enlarged
perspective view of the constituent members of the image
sensor unit 40 shown in FIG. 5. An image sensor unit 40 that
can read a large (large-sized) original D in AO size will be
described here.

The image sensor unit 40 has an appearance of a rectangu-
lar solid. A longitudinal direction of the image sensor unit 40
is the main-scan direction (X direction), and the sub-scan
direction (Y direction) orthogonal to the main-scan direction
(X direction) is a conveyance direction of the original D.

The image sensor unit 40 includes: a cover glass 41 as a
transparent member; a light source portion 42; a rod-lens
array portion 45; a sensor substrate portion 50; a frame 53 as
a housing that houses the constituent members described
above; and the like.

The cover glass 41 prevents dust and the like from entering
the frame 53. The cover glass 41 is planar and fixed on an
upper part of the frame 53.

The light source portion 42 illuminates the original D. As
shown in FIG. 4, the light source portion 42 is fixed to a
position below the cover glass 41 and adjacent to the rod-lens
array portion 45 in the frame 53. As shown in FI1G. 5, the light
source portion 42 includes light sources 42a, 425, and 42¢
used for a short image sensor unit that are arranged in a line in
the main-scan direction. In the present embodiment, three
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light sources used for an image sensor unit with a read length
of A3 size are connected and used.

As shown in FIG. 6, the light sources 424 to 42¢ include,
for example: light emitting elements 43r, 43g, and 435 with
wavelengths of three colors ofred R, green G, and blue B; and
a substrate 44 for mounting the light emitting elements 437,
43g, and 435 that is formed long in the main-scan direction.
The light emitting elements 437, 43g, and 436 are, for
example, LED chips and are mounted in a predetermined
order in the main-scan direction.

The rod-lens array portion 45 focuses the light (reflected
light in the present embodiment) from the original D on the
sensor chip 51 of the sensor substrate portion 50. As shown in
FIG. 4, the rod-lens array portion 45 is fixed at a position
below the cover glass 41 and adjacent to the light source
portion 42 in the frame 53. The sensor chip 51 is positioned on
an extension of an optical axis formed between an incident
surface 46 and an emission surface 47 of the rod-lens array
portion 45. As shown in FIG. 5, the rod-lens array portion 45
includes rod-lens arrays 45a, 455, 45¢, 45d, and 45¢ as imag-
ing element arrays used for a short image sensor unit that are
connected in a line in the main-scan direction. In the present
embodiment, five rod-lens arrays used for an image sensor
unit with a read length of A4 size are connected.

As shown in FIG. 6, each of the rod-lens arrays 454 to 45¢
includes rod lenses 48 as a plurality of imaging elements of an
erect equal magnification imaging type arranged in the main-
scan direction with the optical axes being parallel, and the rod
lenses 48 are placed between side walls 49 from both sides in
the sub-scan direction. The rod-lens arrays 45a to 45¢ are
connected by a well-known method using an adhesive or the
like in the frame 53. In some cases, the rod-lens arrays 45a to
45¢ are connected by being displaced in the sub-scan direc-
tion and the like within a range of an acceptable connection
error.

The sensor substrate portion 50 converts the reflected light
focused by the rod-lens array portion 45 to an electric signal.
As shown in FIG. 4, the sensor substrate portion 50 is fixed to
alower end of the frame 53 by thermal caulking or the like. As
shown in FIG. 5, the sensor substrate portion 50 includes
sensor substrates 50a, 505, and 50c¢ used for a short image
sensor unit that are connected in a line in the main-scan
direction. In the present embodiment, three sensor substrates
used for an image sensor unit with a read length of A3 size are
connected.

As showninFIG. 6, each ofthe sensor substrates 50a to 50¢
includes a plurality of sensor chips 51 and a substrate 52 on
which the plurality of sensor chips 51 are mounted in the
main-scan direction. The sensor substrates 50a to 50c are
connected by a well-known method using screws or the like.
In some cases, the sensor substrates 50a to 50¢ are connected
by being displaced in the sub-scan direction and the like
within a range of an acceptable connection error.

The frame 53 houses the constituent members of the image
sensor unit 40. As shown in FIG. 4, a plurality of projections
and recesses are formed inside of the frame 53 to position and
hold the constituent members of the image sensor unit 40. As
shown in FIG. 5, the frame 53 is formed in a rectangular solid
shape that is a little longer than the read length in the main-
scan direction.

Reading of the original D by the image sensor unit 40 with
the configuration will be described. As shown in FIG. 4, the
image sensor unit 40 successively activates the light emitting
elements 437, 43g, and 435 of the light source portion 42 to
emit light to the original D conveyed by the original conveyor
rollers 80 in the sub-scan direction at a predetermined con-
veyance speed. The light emitted from the light source portion
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42 uniformly illuminates the reading surface of the original D
throughout the main-scan direction. The original D reflects
the emitted light, and the light is focused on the sensor chip 51
through the rod-lens array portion 45. The sensor chip 51
converts the focused reflected light to an electric signal, and
the image sensor unit 40 can read the image of the original D.

The image sensor unit 40 reads the reflected light of one
scan line, and the reading operation of one scan line in the
main-scan direction of the original D is completed. After the
completion of the reading operation of one scan line, reading
operation of the next scan line is performed in the same way
as the operation described above, along with relative move-
ment of the original D in the sub-scan direction. In this way,
the image sensor unit 40 repeats the reading operation of one
scan line while moving in the sub-scan direction to thereby
successively scan the entire surface of the original D to read
the image.

A reduction in the reading accuracy in an image sensor unit
formed by connecting a plurality of sensor substrates and
connecting a plurality of rod-lens arrays will be described
here.

FIG. 10 is a schematic view showing an internal configu-
ration of an image sensor unit 100 according to a comparative
example. A light source portion 101, a rod-lens array portion
104, and a sensor substrate portion 106 are arranged inside of
the image sensor unit 100. The image sensor unit 100 rela-
tively moves in the sub-scan direction (Y direction) of the
original D.

The light source portion 101 includes a plurality of light
emitting elements 103 mounted on a mounting surface of a
substrate 102 formed long in the main-scan direction (X
direction). The light source portion 101 illuminates the origi-
nal D from below.

The rod-lens array portion 104 includes a short first rod-
lens array 104a and a short second rod-lens array 1045 con-
nected in the main-scan direction to be compatible with the
elongated image sensor unit 100. Each of the rod-lens arrays
104a and 1045 includes a plurality of rod lenses 105 of an
erect equal magnification imaging type arranged in the main-
scan direction. The rod-lens array portion 104 focuses the
reflected light from the original D on a sensor chip 107
mounted on the sensor substrate portion 106.

The sensor substrate portion 106 includes a short first sen-
sor substrate 106a and a short second sensor substrate 1065
connected in the main-scan direction to be compatible with
the elongated image sensor unit 100. The sensor substrates
106a and 1064 include a plurality of sensor chips 107 (107a
and 1075) mounted in the main-scan direction. Each sensor
chip 107 includes a plurality of light receiving elements 108
described later arranged in the main-scan direction. The sen-
sor chip 107 converts the reflected light focused by the rod-
lens array portion 104 to an electric signal. The sensor sub-
strates 1064 and 1065 are arranged at positions that cause the
sensor chips 107 to coincide with the optical axes of the rod
lenses 105 in the sub-scan direction.

FIGS. 11A to 11D are views showing examples of an
arrangement relationship between the rod-lens arrays 104a
and 1045 and the sensor chips 107a and 1075 seen from an
arrow A direction shown in FIG. 10. The light receiving
elements 108 are arranged on the sensor chips 1074 and 1075.
A connection position of the first rod-lens array 104a and the
second rod-lens array 1045 overlaps with a connection posi-
tion of the first sensor substrate 106a and the second sensor
substrate 1065 in the main-scan direction.

In FIG. 11A, the first rod-lens array 104a and the second
rod-lens array 1045 are accurately connected without being
displaced. Since the first sensor substrate 1064 and the second
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sensor substrate 1065 are accurately connected, the first sen-
sor chip 107a and the second sensor chip 1075 are accurately
arranged without being displaced. In this case, when the
image sensor unit 100 relatively moves in the sub-scan direc-
tion to read an image of a line L in the main-scan direction
drawn in the original D shown in FIG. 10, an image of a line
La extending in the main-scan direction can be read as shown
in FIG. 11A.

In FIG. 11B, the first rod-lens array 1044 and the second
rod-lens array 1045 are accurately connected. On the other
hand, since the first sensor substrate 106a and the second
sensor substrate 1065 are connected by being displaced in the
sub-scan direction, the first sensor chip 107a and the second
sensor chip 1075 are displaced by G1 in the sub-scan direc-
tion. In this case, when the image sensor unit 100 reads the
image of the line L shown in FIG. 10, an image of a line Lb
displaced in the sub-scan direction as shown in FIG. 11B is
read.

In FIG. 11C, since the first sensor substrate 106a and the
second sensor substrate 1065 are accurately connected, the
first sensor chip 107a and the second sensor chip 1075 are
accurately arranged without being displaced. On the other
hand, the first rod-lens array 104a and the second rod-lens
array 1045 are connected by being displaced by G2 in the
sub-scan direction. In this case, when the image sensor unit
100 reads the image of the line L shown in FIG. 10, an image
of a line Lc displaced in the sub-scan direction as shown in
FIG. 11C is read.

In FIG. 11D, since the first sensor substrate 106a and the
second sensor substrate 1065 are connected by being dis-
placed in the sub-scan direction, the first sensor chip 107a and
the second sensor chip 1075 are displaced by G1 in the sub-
scan direction. Furthermore, the first rod-lens array 104a and
the second rod-lens array 1045 are connected by being dis-
placed by G2 in the sub-scan direction. In this case, when the
image sensor unit 100 reads the image of the line L shown in
FIG. 10, an image of a line [.d significantly displaced in the
sub-scan direction as shown in FIG. 11D is read.

An amount of displacement of the displaced line [.d shown
in FIG. 11D is greater than that of the displaced line Lb shown
in FIG. 11B and that of the displaced line Lc shown in FIG.
11C.

There is a problem that even if the connection error of only
G1 or G2 as shown in FIG. 11B or 11C is an acceptable
connection error, the reading accuracy of the image is signifi-
cantly reduced if the connection error of G1 and the connector
error G2 are integrated as shown in FIG. 11D.

In the present embodiment, the rod-lens array portion 45
includes the rod-lens arrays 45a to 45¢ used for A4 size that
are connected in the main-scan direction, and the sensor
substrate portion 50 includes the sensor substrates 50a to 50¢
used for A3 size that are connected in the main-scan direction,
as described above. Therefore, the connection positions
between the rod-lens arrays 45a to 45¢ and the connection
positions between the sensor substrates 50a to 50¢ do not
overlap in the main-scan direction, and the connection posi-
tions can be displaced in the main-scan direction.

Specifically, the connection positions in the main-scan
direction will be described with reference to FIG. 1. FIG. 1is
a schematic view showing connection positions in the main-
scan direction when the light source portion 42, the rod-lens
array portion 45, and the sensor substrate portion 50 are
attached inside of the frame 53.

The light source portion 42 includes the light sources 42a
to 42¢ used for A3 size that are connected in a line in the
main-scan direction. Therefore, a connection position Pal of
the light source 424 and the light source 426 and a connection
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position Pa2 of the light source 4256 and the light source 42¢
are positions that equally divide a read length M into three
parts.

The rod-lens array portion 45 includes the rod-lens arrays
454 to 45¢ used for A4 size that are connected in a line in the
main-scan direction. Therefore, a connection position Pb1 of
the rod-lens array 45a and the rod-lens array 455, a connec-
tion position Pb2 of the rod-lens array 456 and the rod-lens
array 45¢, a connection position Pb3 of the rod-lens array 45¢
and the rod-lens array 454, and a connection position Pb4 of
the rod-lens array 454 and the rod-lens array 45¢ are positions
that equally divide the read length M into five parts.

The sensor substrate portion 50 includes the sensor sub-
strates 50a to 50c used for A3 size connected in a line in the
main-scan direction. Therefore, a connection position Pcl of
the sensor substrate 50a and the sensor substrate 505 and a
connection position Pc2 of the sensor substrate 505 and the
sensor substrate 50c are positions that equally divide the read
length M into three parts.

As shown in FIG. 1, the connection positions Pb1 to Pb4
between the rod-lens arrays 45a to 45¢ and the connection
positions Pc1 and Pc2 between the sensor substrates 50a and
50c are arranged at positions not overlapped in the main-scan
direction. Therefore, when the image sensor unit 40 reads the
original D, a decrease in the reading accuracy of the image
caused by the integration of the connection error between the
rod-lens arrays 45a to 45¢ and the connection error between
the sensor substrate 50a to 50c¢ can be reduced.

More specifically, even if the connection error between the
rod-lens arrays 45a to 45¢ and the connection error between
the sensor substrates 50a to 50¢ are within an acceptable
range, the connection errors may be integrated if the connec-
tion positions between the rod-lens arrays 454 to 45¢ and the
connection positions between the sensor substrates 50a to 50¢
overlap in the main-scan direction, and the reading accuracy
of the image may be reduced. In the present embodiment,
since the connection positions Pb1 to Pb4 between the rod-
lens arrays 45a to 45¢ and the connection positions Pc1 and
Pc2 between the sensor substrates 50a to 50¢ do not overlap
in the main-scan direction, the connection error between the
rod-lens arrays 45a to 45¢ and the connection error between
the sensor substrates 50a to 50¢ are not integrated, and the
decrease in the reading accuracy of the image can be reduced.

A range W that the connection positions between the rod-
lens arrays 45a to 45¢ and the connection positions between
the sensor substrates 50a to 50¢ are not overlapped in the
main-scan direction will be described with reference to FIG.
7. FIG. 7 is an enlarged view of the connection position Pb1l
between the rod-lens array 45a and the rod-lens array 456.
Here, a diameter of the rod lenses 48 is D. A field radius of the
rod lenses 48 is X, and a field diameter is 2X,,. The field
radius denotes a radius of an image when the rod lens 48
focuses the reflected light on the sensor chip 51. A rod lens
adjacent to the connection position Pb1 in the rod-lens array
45aisarod lens 48a, and arod lens adjacent to the connection
position Pb1 in the rod-lens array 455 is a rod lens 485.

It is assumed here that the rod-lens array 45a and the
rod-lens array 456 have a connection error within an accept-
able range in the sub-scan direction. In this case, the reflected
lights focused on the sensor chip 51 from the rod lens 484 and
the rod lens 485 are displaced in the sub-scan direction in the
range W where the field diameter 2X, of the rod lens 484 and
the field diameter 2X,, of the rod lens 485 overlap. If the
connection position of the sensor substrate 50a and the sensor
substrate 505 with connection errors within the acceptable
range in the sub-scan direction is arranged in the range W, the
connection errors may be integrated. More specifically, the
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image sensor unit 40 reads the image of the original D as an
image displaced out of the acceptable range in the sub-scan
direction.

Therefore, when the sensor substrates 50a to 50¢ are con-
nected in the present embodiment, positions separated from
the range W in the main-scan direction are set as the connec-
tion positions. Therefore, the integration of the connection
error between the sensor substrates 50a to 50¢ and the con-
nection error between the rod-lens arrays 45a to 45¢ are
prevented, and the decrease in the reading accuracy of the
image can be reduced.

If pitches between the rod lenses 48 shown in FIG. 7 have
the same dimension as the diameter D of the rod-lens arrays
45a to 45e¢,

the range W that the connection positions of the sensor
substrates 50a to 50c¢ are not overlapped in the main-scan
direction can be calculated by

W=2X,-D,

as shown in FIG. 7.

In this way, according to the present embodiment, even if
the elongated image sensor unit 40 is formed by connecting
the plurality of short rod-lens arrays 45a to 45¢ and connect-
ing the plurality of short sensor substrates 50a to 50c, the
decrease in the reading accuracy of the image can be reduced
by arranging the connection positions between the rod-lens
arrays 45a to 45¢ and the connection positions between the
sensor substrates 50a to 50c¢ at positions that do notoverlap in
the main-scan direction.

Although the image sensor unit 40 of A0 size has been
described in the present embodiment, the arrangement is not
limited to this. The size of the image sensor unit is not limited
as long as an elongated image sensor unit is formed by con-
necting a plurality of short rod-lens arrays and connecting a
plurality of short sensor substrates. Although the image sen-
sor unit 40 formed by connecting five rod-lens arrays 45a to
45¢ of A4 size and connecting three sensor substrates 50a to
50c of A3 size has been described in the present embodiment,
the arrangement is not limited to this. For example, the image
sensor unit may be formed by connecting three rod-lens
arrays of A3 size and connecting five sensor substrates of A4
size. Furthermore, sensor substrates of another size and rod-
lens arrays of another size may be connected.

Second Embodiment

The case of forming the image sensor unit 40 by arranging
the connection positions between the rod-lens arrays 45a to
45¢ and the connection positions between the sensor sub-
strates 50a to 50¢ at positions that do not overlap in the
main-scan direction has been described in the first embodi-
ment. A case of also arranging a connection position between
light sources 62a and 624 at a position not overlapping with
the connection positions between the rod-lens arrays 45a to
45¢ and the connection positions between the sensor sub-
strates 50a to 50¢ will be described in the present embodi-
ment.

FIG. 8A is a perspective view showing a configuration of a
light source portion 62 of the present embodiment. As shown
in FIG. 8A, the light source portion 62 includes short light
sources 62a and 6256 connected in a line in the main-scan
direction at a connection position Pd that equally divides the
read length M into two parts. Each of the light sources 62a and
625 includes, for example: light emitting elements 637, 63g,
and 635 with wavelengths of three colors of red R, green G,
and blue B; a substrate 64 for mounting the light emitting
elements 637, 63g, and 635 that is formed long in the main-
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scan direction; and a diffusion member 65. The diffusion
member 65 is attached on the substrate 64 to cover the light
emitting elements 637, 63g, and 635. The diffusion member
65 diffuses light emitted from the light emitting elements 637,
63g, and 635 to illuminate the original D.

In the light source portion 62 including the diffusion mem-
bers 65, the light diffusion may not be uniform and the light
amount may be uneven near the connection position (bound-
ary position) Pd of the light source 62a and the light source
625, because the diffusion member 65 of the light source 62a
and the diffusion member 65 of the light source 6264 are
divided.

Therefore, in the present embodiment, the connection posi-
tion Pd between the light sources 62a and 6254 is arranged at
a position not overlapping with the connection positions
between the rod-lens arrays 45a to 45¢ and the connection
positions between the sensor substrates 50a to 50c¢ in the
main-scan direction. Here, the connection position Pd
between the light sources 62a and 624 is a position that
equally divides the read length M into two parts. As a result of
the arrangement of the connection position between the light
sources 62a and 625, the light amount unevenness between
the light sources 62a and 626 and the connection error
between the rod-lens arrays 45a to 45¢ are integrated, and the
decrease in the reading quality of the image can be reduced.
Similarly, the light amount unevenness between the light
sources 62a and 62b and the connection error between the
sensor substrates 50a to 50c¢ are integrated, and the decrease
in the reading quality of the image can be reduced.

Although the case that the connection position Pd between
the light sources 62a and 625 is a position that equally divides
the read length M into two parts has been described in the
present embodiment, the arrangement is not limited to this.
The connection position Pd between the light sources 62a and
625 can be a position not overlapping with the connection
positions between the rod-lens arrays 45a¢ to 45¢ and the
connection positions between the sensor substrates 50a to 50¢
in the main-scan direction, and the connection position of the
light sources 62a and 625 is not limited. Furthermore, there
can be two or more connection positions.

FIG. 8B is a view showing a modified example with three
light sources and two connection positions. In FIG. 8B, the
ratio of the length of the substrate 64 of the light source 62a,
the substrate 64 of the light source 625, and the substrate 64 of
the light source 62¢ in the longitudinal direction is 1:2:1, for
example. Therefore, the connection position Pd1 and the con-
nection position Pd2 of the light sources 62a to 62c¢ are
arranged at positions not overlapping with the connection
positions between the rod-lens arrays 45a¢ to 45¢ and the
connection positions between the sensor substrates 50a to 50¢
in the main-scan direction.

Third Embodiment

In the present embodiment, a case of arranging a connec-
tion position between a plurality of light guides 754 and 755
forming a light source portion 72, at a position not overlap-
ping with the connection positions between the rod-lens array
45a to 45¢ and the connection positions between the sensor
substrates 50a to 50¢ in the main-scan direction, will be
described.

FIG. 9A is a perspective view showing a configuration of
the light source portion 72 of the present embodiment. As
shown in FIG. 9A, the light source portion 72 includes a light
emitting portion 73 and a light guide portion 75. The light
emitting portion 73 is, for example, an LED module including
an LED chip 74 as a light emitting element. In the present
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embodiment, the light emitting portions 73 are arranged on
both end faces of the light guide portion 75. The light guide
portion 75 is formed by connecting short light guides 754 and
75b in a line in the main-scan direction at a connection posi-
tion Pe that equally divides the read length M into two parts.
One of the both end faces of the light guide portion 75 in the
main-scan direction is an incident surface 76a for receiving
light from the light emitting portion 73 on one end, and the
other end face is an incident surface 765 for receiving light
from the light emitting portion 73 on the other end. On a
surface opposing the original D, the light guide portion 75 is
also provided with an emission surface 77 for emitting the
light incident on the light guide portion 75 to the original D.
On a surface opposing the emission surface 77, the light guide
portion 75 is also provided with a diffusing surface 78 for
reflecting and diffusing the light entered from the incident
surface 76a and the incident surface 765. Therefore, the light
source 72 causes the light emitted from the light emitting
portions 73 to enter the light guide portion 75 from the inci-
dent surfaces 76a and 765. While the diffusing surface 78
reflects and diffuses the light, the light propagates through the
light guide portion 75, and the light is emitted from the
emission surface 77. In this way, the light is irradiated on the
original D.

In the light source 72 including the connected light guide
portion 75, the light guide 754 and the light guide 756 are
divided near the connection position Pe between the light
guides 75a and 75b. Therefore, the light emitted from the
emission surface 77 may not be uniform, and the light amount
may be uneven.

In the present embodiment, the connection position Pe
between the light guides 754 and 755 of the light source
portion 72 is arranged at a position not overlapping with the
connection positions between the rod-lens arrays 454 to 45¢
and the connection positions between the sensor substrates
50a to 50¢ in the main-scan direction. The connection posi-
tion Pe between the light guides 754 and 755 is a position that
equally divides the read length M into two parts. As a result of
the arrangement of the connection position between the light
guides 75a and 755, the light amount unevenness between the
light guides 75a and 756 and the connection error between the
rod-lens arrays 45a to 45¢ are integrated, and the decrease in
the reading quality of the image can be reduced. Similarly, the
light amount unevenness between the light guides 75a and
75b and the connection error between the sensor substrates
50a to 50c¢ are integrated, and the decrease in the reading
quality of the image can be reduced.

Although the case that the connection position Pe between
the light guides 75a and 755 is a position that equally divides
the read length M into two parts has been described in the
present embodiment, the arrangement is not limited to this.
The connection position Pe between the light guides 754 and
75b can be a position not overlapping with the connection
positions between the rod-lens array 45a to 45¢ and the con-
nection positions between the sensor substrates 50a to 50¢ in
the main-scan direction, and the connection position of the
light sources 62a and 625 is not limited. Furthermore, there
can be two or more connection positions.

FIG. 9B is a view showing a modified example with three
light guides and two connection positions. In FIG. 9B, the
ratio of the length of the light guide 75a, the light guide 755,
and the light guide 75c¢ in the longitudinal direction is 1:2:1,
for example. Therefore, a connection position Pel and a con-
nection position Pe2 of the light guides 75a to 75¢ are
arranged at positions not overlapping with the connection
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positions between the rod-lens arrays 45a¢ to 45¢ and the
connection positions between the sensor substrates 50a to 50¢
in the main-scan direction.

A light emitting portion may be arranged on only one end,
instead of arranging the light emitting portions 73 on both
ends of the light guide portion 75.

Although the embodiments are used to describe the present
invention, the present invention is not limited only to the
embodiments, and changes can be made within the scope of
the present invention. For example, although the case of using
the rod-lens array as the imaging element array has been
described in the present embodiment, the arrangement is not
limited to this, and a well-known lens array, such as a micro-
lens array, can be used.

The present invention can be effectively used for an image
sensor unit and for an image reading apparatus and an image
forming apparatus (for example, image scanner, facsimile,
copying machine, and compound machine) to which the
image sensor unit is applied.

According to the present invention, a decrease in the read-
ing accuracy of an image can be reduced even if a plurality
image element arrays are connected and a plurality of sensor
substrates are connected to form an image sensor unit.

What is claimed is:

1. An image sensor unit comprising:

a sensor substrate including a plurality of sensor chips
arranged in a main-scan direction, each of the plurality
of sensor chips configured to convert light from an
object to be read to electric signals; and

an imaging element array including a plurality of imaging
elements arranged in the main-scan direction, each of
the plurality of imaging elements configured to focus the
light from the object to be read on a sensor chip, wherein

a plurality of the sensor substrates are connected together
in the main-scan direction,

a plurality of the imaging element arrays are connected
together in the main-scan direction such that an imagi-
nary line extending parallel to the main-scan direction
intersects at least two imaging element arrays of the
plurality of the imaging element arrays, and

connection positions between the plurality of sensor sub-
strates are arranged at positions not overlapping with
connection positions between the plurality of imaging
element arrays in the main-scan direction.

2. The image sensor unit according to claim 1, wherein

each imaging element array of the plurality of imaging
element arrays is provided with the plurality of imaging
elements arranged in the main-scan direction, with opti-
cal axes of the plurality of imaging element being par-
allel, and

the connection positions between the plurality of sensor
substrates are arranged separately from a range where
field diameters of two of the imaging elements adjacent
to each other at the connection positions between the
plurality of imaging element arrays overlap.

3. The image sensor unit according to claim 2, wherein

the range is

2X,-D,

where X, denotes a field radius of the imaging element, and
D denotes a diameter of the imaging element.

4. The image sensor unit according to claim 1, wherein

the number of the connection positions between the plu-
rality of sensor substrates is two or more, and

the number of the connection positions between the plu-
rality of imaging element arrays is two or more.
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5. The image sensor unit according to claim 1, further
comprising

a plurality of light sources that are connected in the main-
scan direction and that emit light to the object to be read,
wherein

connection positions between the plurality of light sources
are arranged at positions not overlapping with the con-
nection positions between the plurality of sensor sub-
strates and the connection positions between the plural-
ity of imaging element arrays in the main-scan direction.

6. The image sensor unit according to claim 5, wherein

each light source of the plurality of light sources com-
prises: light emitting elements; a substrate for mounting
the light emitting elements that is long in the main-scan
direction; and a diffusion member attached to the sub-
strate to cover the light emitting elements.

7. The image sensor unit according to claim 5, wherein

the number of connection positions of the plurality of light
sources is two or more.

8. The image sensor unit according to claim 1, further

comprising

a plurality of light guides that are connected in the main-
scan direction and that internally propagate light entered
from a light emitting portion to emit the light to the
object to be read, wherein

connection positions between the plurality of light guides
are arranged at positions not overlapping with the con-
nection positions between the plurality of sensor sub-
strates and the connection positions between the plural-
ity of imaging element arrays in the main-scan direction.

9. The image sensor unit according to claim 8, wherein

the number of the connection positions of the plurality of
light guides is two or more.

10. The image sensor unit according to claim 1, wherein

the plurality of sensor substrates are connected end-to-end
to each other in the main-scan direction.

11. The image sensor unit according to claim 10, wherein

the plurality of imaging element arrays are connected end-
to-end to each other in the main-scan direction.

12. The image sensor unit according to claim 1, wherein the
plurality of imaging element arrays are disposed directly
between the object to be read and the plurality of sensor
substrates when focusing light from the object to be read.

13. An image sensor unit comprising:

a sensor substrate including a plurality of sensor chips
arranged in a main-scan direction, each of the plurality
of sensor chips configured to convert light from an
object to be read to electric signals; and

an imaging element array including a plurality of imaging
elements arranged in the main-scan direction, each of
the plurality of imaging elements configured to focus the
light from the object to be read on a sensor chip, wherein

a plurality of the sensor substrates are connected together
in the main-scan direction,

a plurality of the imaging element arrays are connected
together in the main-scan direction,

connection positions between the plurality of sensor sub-
strates are arranged at positions not overlapping with
connection positions between the plurality of imaging
element arrays in the main-scan direction,

each imaging element array of the plurality of imaging
element arrays is provided with the plurality of imaging
elements arranged in the main-scan direction, with opti-
cal axes of the plurality of imaging element being par-
allel,

the connection positions between the plurality of sensor
substrates are arranged separately from a range where
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field diameters of two of the imaging elements adjacent
to each other at the connection positions between the
plurality of imaging element arrays overlap, and

the range is 2X,-D,

where X, denotes a field radius of the imaging element, and
D denotes a diameter of the imaging element.

14. The image sensor unit according to claim 13, wherein

the number of the connection positions between the plu-
rality of sensor substrates is two or more, and

the number of the connection positions between the plu-
rality of imaging element arrays is two or more.

15. The image sensor unit according to claim 13, further

comprising

a plurality of light sources that are connected in the main-
scan direction and that emit light to the object to be read,
wherein

connection positions between the plurality of light sources
are arranged at positions not overlapping with the con-
nection positions between the plurality of sensor sub-
strates and the connection positions between the plural-
ity of imaging element arrays in the main-scan direction.

16. The image sensor unit according to claim 15, wherein

each light source of the plurality of light sources com-
prises: light emitting elements; a substrate for mounting
the light emitting elements that is long in the main-scan
direction; and a diffusion member attached to the sub-
strate to cover the light emitting elements.

17. The image sensor unit according to claim 15, wherein

the number of connection positions of the plurality of light
sources is two or more.

18. The image sensor unit according to claim 13, further

comprising

a plurality of light guides that are connected in the main-
scan direction and that internally propagate light entered
from a light emitting portion to emit the light to the
object to be read, wherein

connection positions between the plurality of light guides
are arranged at positions not overlapping with the con-
nection positions between the plurality of sensor sub-
strates and the connection positions between the plural-
ity of imaging element arrays in the main-scan direction.

19. The image sensor unit according to claim 18, wherein

the number of the connection positions of the plurality of
light guides is two or more.

20. The image sensor unit according to claim 13, wherein

the plurality of sensor substrates are connected end-to-end
to each other in the main-scan direction.

21. The image sensor unit according to claim 20, wherein

the plurality of imaging element arrays are connected end-
to-end to each other in the main-scan direction.

22. The image sensor unit according to claim 13, wherein
the plurality of imaging element arrays are disposed directly
between the object to be read and the plurality of sensor
substrates when focusing light from the object to be read.

23. An image forming apparatus comprising:

an image sensor unit;

an image reading portion that reads light from an object to
be read while relatively moving the image sensor unit
and the object to be read; and

an image forming portion that forms an image in a record-
ing medium, the image sensor unit comprising:

a sensor substrate including a plurality of sensor chips
arranged in a main-scan direction, each of the plurality
of sensor chips configured to convert light from an
object to be read to electric signals; and

an imaging element array including a plurality of imaging
elements arranged in the main-scan direction, each of
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the plurality of imaging elements configured to focus the
light from the object to be read on a sensor chip, wherein

a plurality of the sensor substrates are connected together
in the main-scan direction,

a plurality of the imaging element arrays are connected
together in the main-scan direction,

connection positions between the plurality of sensor sub-
strates are arranged at positions not overlapping with
connection positions between the plurality of imaging
element arrays in the main-scan direction,

each imaging element array of the plurality of imaging
element arrays is provided with the plurality of imaging
elements arranged in the main-scan direction, with opti-
cal axes of the plurality of imaging element being par-
allel,

the connection positions between the plurality of sensor
substrates are arranged separately from a range where
field diameters of two of the imaging elements adjacent
to each other at the connection positions between the
plurality of imaging element arrays overlap, and

the range is 2X,-D,

where X, denotes a field radius of the imaging element, and
D denotes a diameter of the imaging element.
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